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We also observed a number of hand-crafted graphics made 
out of rope, wood, felt or cardboard. They represent 
geometrical concepts (shapes, open/close features, 
parallel/perpendicular) and O&M elements (different types 
of crossings and a map of the school neighborhood for 
example).  
These observations highlight one major issue: when a map 
is required, it has to be “materialized” with the assistance of 
a sighted person, which is a time consuming process. The 
students cannot access digital maps immediately and 
independently. Furthermore, the maps that are produced 
this way are not interactive and not editable, which limits 
the way users can interact with them and hence their 
autonomy.  
To be fully accessible for visually impaired users, maps 
should be available without assistance and instantly. In 
addition, they should be interactive and editable, so that 
they could support dynamic operations such as zooming, 
panning, annotations, as well as other advanced functions 
(e.g. computing distances).  
RELATED WORK ON INTERACTIVE MAPS 
To alleviate the aforementioned issues, different approaches 
relying on new technologies have been used. Zeng and 
Weber [31] classified the different types of interactive maps 
in four categories, depending on the device and interaction 
used. Virtual acoustic maps use verbal and non-verbal 
audio output to render geographical data. For example, 
Zhao et al. [33] presented thematic maps explored with a 
keyboard or a tablet and producing string pitch and spatial 
sound. Virtual tactile (or haptic) maps most often rely on a 
force-feedback device. For instance, SeaTouch [26] enables 
visually impaired users to explore a maritime environment 
relying on haptic feedback, sonification and speech 
synthesis. The BATS [20] or HapticRiaMaps [11] are other 
examples of virtual tactile map using force-feedback 
devices. TouchOver map [22] provides visually impaired 
users with a basic overview of a map layout displayed on a 
mobile device through vibrational and vocal feedbacks. 
Kane et al. [13] described complementary non-visual 
interaction techniques that allow finding a target on large 
touch screens. Audio-tactile maps consist in a raised-line 
paper map placed over a touch-sensitive screen that 
provides audio descriptions of tactile elements when 
touched (see [19] and [30]). In contrast to virtual acoustic 
and tactile maps, these maps provide multiple points of 
contact (potentially all the fingers), and proved to be usable 
for learning spatial configurations [2]. Finally, Braille maps 
displayed on refreshable displays are a promising approach 
to create interactive maps. Zeng et al. [32] used a BrailleDis 
9000 tablet device consisting in a matrix of 120x60 pins 
that can be moved up or down. Their prototype allowed 
visually impaired users to explore, annotate and zoom in or 
out. Similarly, Schmitz and Ertl [23] used a HyperBraille to 
present different types of maps representing buildings or 
large outdoor areas. The main drawback of the virtual maps 
is that they provide a single point of contact (e.g. a phantom 
device), which forces the user to explore the map 
sequentially, and mentally integrate a large amount of 
information through space and time. However, they do not 
require a raised-line map overlay and can theoretically 
allow panning, zooming, and dynamic updating. 
Refreshable displays can provide both multiple fingers 
exploration as well as dynamic update, but these devices are 
extremely expensive, and hence relatively unusual.  
Tangible maps for the visually impaired may present a 
number of advantages: they could be built autonomously 
using appropriate feedback, which may support learning-
by-doing activities, provide multiple fingers exploration 
and allow dynamic updating while being affordable.  
Towards tangible maps 
A number of tangible user interfaces have been developed 
to enable sighted users to interact with a map. GeoSpace [9] 
is an interactive map onto which objects are placed. Their 
location modifies the digital map position and extent. Urp 
[28] allows urban planners to simulate wind flow and 
sunlight, and to observe their consequences on physical 
building models placed onto the tabletop. With the 
MouseHouse Table [8], users can model several 
arrangements of urban elements such as streets and 
buildings by placing paper rectangles on the table and 
visualizing the behavior of pedestrians.  
Two devices have been specifically designed for visually 
impaired users. The Tangible Pathfinder [25] allows them 
to construct a map using small objects that represent 
pavements, sidewalks, etc. Audio instructions and feedback 
assist the user in placing the objects and exploring the map. 
Schneider et al. [24] designed a prototype for route 
construction by telling the user the length of building 
blocks and where to place them on a magnetic board. These 
devices are devoted to route or neighborhood exploration, 
and can hardly be adapted to other types of graphical 
content. In addition, to our knowledge, they have not been 
formally evaluated, and the construction of a tangible map 
by a visually impaired user on its own has not yet been 
demonstrated. In this study, we designed and evaluated a 
tabletop tangible interface that enables a visually impaired 
user to construct and explore different types of maps, with 
different levels of complexity.  
The current work is in line with two other research projects 
[17][18]. In [17] the device provides visually impaired 
users with multimodal feedback to accurately place objects 
(called TIMMs) in order to create and modify graphs and 
diagrams. The authors suggest that a tactile line could be 
added between two TIMMs with a piece of yarn for 
example, but did not indicate how the user would select the 
correct length and could interact with the line. In [18], the 
device allows the exploration of line graphs and bar charts. 
Phicons are placed in a restricted physical grid (9x7 cells) 
in order to represent the top of a bar or the turning point of 
a linear function. Relying on an evaluation with four users, 
th
k
f
v
T
p
to
r
b
p
p
d
ta
o
to
f
s
c
o
p
p
I
c
o
M
I
th
T
p
a
c
D
F
g
f
a
I
u
n
I
s
(
s
m
D
T
e
d
a
d
d
li
li
u
[
e authors o
nocked over d
ew recommen
isually impair
his review o
oints. First, alt
 address som
esearch projec
y visually imp
rototypes desc
unctual symbo
igital content
ngible as we
ther graphical
 design phico
ully addressed
table but may
amera placed
ccluded by u
hysical grid 
otential locati
n addition, s
onstruction of
nly points. 
AKING DIGIT
n this section,
at should be
angible Reel
hysically link
nd lines), an
onstruct and e
igital and phy
irst of all, it 
raphics is ma
ine details of
daptation proc
n our system, 
sing a simple 
ame and two 
D, a name and
ystem does no
such as mobil
parse spatial 
aps.  
esign of the T
o build the ph
ssential to pro
ifferent lengt
ppropriate too
ifferent length
ifferent length
mits the num
kelihood of e
sed in the fiel
14][1][21]). 
bserved that 
uring the expl
dations concer
ed users.  
f the literatur
hough tangibl
e limitations
ts about auton
aired users ar
ribed above h
ls tangible (i.
). Obviously, 
ll because the
 representation
ns that are sta
 yet. The ma
 be unreliable
 above the ta
sers’ hands. M
that holds th
on, but still o
uch a soluti
 most graphi
AL MAPS TA
 we describe 
 made with t
s (they are t
ed to each oth
d the interac
xplore maps.  
sical maps 
is important t
ndatory for t
 an outline m
ess and curve
maps are defin
syntax: each p
coordinates; e
 the IDs of st
t aim at the 
ity maps), but
configurations
angible Reel
ysical represen
vide the user
hs. Retractab
l as their st
s. This is mor
s (e.g. pre-cut 
ber of requ
rrors. Retract
d of HCI rese
the objects 
oration. Henc
ning the desig
e highlights 
e user interfac
 of interactiv
omous constr
e seldom. Seco
ave only focus
e. physical and
it is essentia
y are mandato
s. Third, the 
ble and reliab
gnetic board 
. The objects a
bletop, whose
cGookin et 
e objects, wh
bserved uninte
on is not re
cs that includ
NGIBLE  
the characteris
he system, th
racked by th
er to represe
tion techniqu
o know that s
actile explorat
ust be remo
s are most oft
ed by a set of
oint is associat
ach line is ass
arting and end
construction o
 rather at the
 such as ove
s 
tation of a dig
 with a way t
le reels appe
rings can be
e usable than u
wool yarn suc
ired steps an
able reels hav
arch as input d
were regular
e they provide
n of phicons f
three importa
es are promisin
e tactile map
uction of ma
nd, the last tw
ed on renderin
 associated to
l to make lin
ry in maps an
question of ho
le has not be
used in [24]
re tracked by
 view may b
al. [18] used
ich limits the
ntional knock
levant for th
e lines and n
tics of graphi
e design of th
e tabletop, an
nt digital poin
es designed
implification 
ion [4]. Henc
ved during th
en straightene
 points and lin
ed with an ID
ociated with 
ing points. Th
f detailed ma
 construction 
rview or met
ital map, it w
o draw lines 
ared to be 
 pulled out 
sing material 
h as in [17]) an
d therefore th
e already be
evices (see e.
ly 
 a 
or 
nt 
g 
s, 
ps 
o 
g 
 a 
es 
d 
w 
en 
is 
 a 
e 
a 
ir 
s. 
e 
ot 
cs 
e 
d 
ts 
to 
of 
e, 
is 
d. 
es 
, a 
an 
e 
ps 
of 
ro 
as 
of 
an 
to 
of 
d 
e 
en 
g. 
Accord
objects
explore
over. T
was ap
identifi
Reels. 
stable 
system
objects
Figure
Tangib
can be
infrar
We trie
glue do
electro
first tw
objects
filled w
Figure
Weight
Weigh
weight
tests w
cm hig
adequa
silicon
track t
The ba
thick c
then g
passed
(1cm. h
Sucker
Sucker
the tab
pressed
and 2 c
under w
glued o
by pull
Add-on
Reels 
also ap
to and
reels w
ing to [18], i
 to the table 
 the map wit
his was even m
plied to the 
ed three requi
They had to be
during explora
; as small as 
 that can be pl
 3: Weights (a)
le Reels. c) A t
 tracked by a c
ed frame (highl
d a number o
ts, adhesive t
static screen p
o requirement
 fulfilling the
ith lead calle
 3).  
s 
ts were inspire
” of the phic
ith a visually i
h and 4 cm w
te. To further
e O-ring was 
he objects wa
se and the to
ardboard stron
lued to the to
 through a ho
igh) to keep i
 pads 
 pads can easi
letop screen, 
. We used pr
m high once c
hich a tag ca
nto the top. T
ing on a small
s 
can be harmfu
ply a strong t
 make them 
ith a lock/unlo
t was also es
so that a visu
hout moving 
ore importan
objects by th
rements for th
: easy to mov
tion; identifia
possible to m
aced onto the 
 and Sucker pa
ag is positioned
amera placed u
ighted in blue)
during explora
f adhesive ma
ape, Wikki Sti
rotectors but n
s. Finally we 
 requirements
d Weights, an
d by [18] who
ons to ensure
mpaired user,
ide cylinder 
 improve adhe
added under t
s placed insid
p of the cylin
gly glued to th
p of the cylin
ok fixed at th
t close to the ta
ly slide along 
and strongly s
ofessional flat 
ompressed) th
n be attached (
he sucker pad
 strip that exte
l when the s
ension to the 
move. Theref
ck button. Be
sential to firm
ally impaired
them or knoc
t in our case a
e retractable 
e design of th
e during const
ble and tracka
aximize the 
tabletop. 
ds (b) are two 
 underneath so
nder a plate gl
 detects the use
tion.  
terials such as
cks, anti-slip g
one of them fu
end up with tw
: small plastic
d flat Sucker
 suggested “v
 stability. Af
 we found that
with 180 g o
rence of the W
he base. The t
e this ring (F
der were mad
e cylinder. Th
der, and its 
e bottom of th
bletop. 
a smooth surfa
tick to the sc
sucker pads (
at present a lar
Figure 3c). Th
s can easily b
nds from its ba
tring retracts.
objects they ar
ore we used 
sides, to make 
ly set the 
user could 
king them 
s a tension 
reels. We 
e Tangible 
ruction but 
ble by the 
number of 
 
designs of 
 that they 
ass (d). An 
rs’ fingers 
 Blu-Tack, 
el pads or 
lfilled the 
o types of 
 cylinders 
 pads (see 
arying the 
ter several 
 filling a 6 
f lead was 
eights, a 
ag used to 
igure 3c). 
e out of a 
e reel was 
string was 
e cylinder 
ce such as 
reen when 
4 cm wide 
ge surface 
e reel was 
e detached 
se. 
 They can 
e attached 
retractable 
it easier to 
link two objects, we fixed a strong neodymium magnet at 
the extremity of the reels’ strings, and added a metallic 
bracelet to the objects. The bracelet was wrapped around 
the bottom part of the cylinder for the Weights and around 
the reels for the Sucker pads.  
CONSTRUCTION AND EXPLORATION TECHNIQUES 
Tangible Reels are placed next to the user, on the bottom 
side of the table. Audio instructions and feedback are 
provided so that the user can gradually construct a simple 
physical representation of the map by placing the Tangible 
Reels (see Figure 3d). During exploration, the user can 
retrieve the name of the points and lines using finger 
interactions. All the values mentioned afterward (distances 
and timers) were based on observations made during 
preliminary tests. 
Constructing the map 
Construction instructions 
Each line is constructed using two Tangible Reels attached 
to each other. Three instructions indicate to the user what is 
the next action to perform (see Figure 1):  ? “New object”: at the very beginning of the construction, 
and each time a new line has to be built, the user has to 
place a Tangible Reel on the table. As soon as the Tangible 
Reel is detected, guidance instructions are provided.  ? “Attach an object to the right/to the left/below/above”: 
To construct a line the user has to pull out the string of a 
new Tangible Reel and attach it to the metallic bracelet of 
the last one that was placed. ? “Attach an object to <name of the object>, to the right/to 
the left/below/above”: The start point of the line to be built 
is not always the last Tangible Reel that the user has placed. 
In this case the system gives the name of the object to 
which the new Tangible Reel must be attached to.  
Feedback ? “Attached”: This instruction is played when the system 
detects that the new Tangible Reel is close enough to the 
one that it must be attached to, and is immediately followed 
by guidance instructions. ? “<Name of the point> found”. The system informs the 
user when the Tangible Reel is at the right location by 
giving the name of the point represented by the Tangible 
Reel. If the Tangible Reel is the end point of a line, the 
instruction “<name of the line> built” is played. ? “Object lost”: The user is informed when the Tangible 
Reel that is being moved has not been detected by the 
system for more than 2500 ms.  
 
The last instruction is repeated every 7000 ms until the 
appropriate action is done by the user. When the “attach an 
object” instruction is repeated, the name of the object to 
which the user must attach a new Tangible Reel is also 
given.  
Guidance instructions 
Depending on the distance between the Tangible Reel that 
the user is currently moving and the position of the target 
point, two types of guidance instructions are provided: 
rough guidance (every 3500 ms) and fine guidance 
instructions (every 1500 ms).  ? Rough guidance instructions (Figure 1b, step 2). When 
distance is superior to 15 cm, the system indicates the 
direction of the target (up / down / left / right / up and right 
/ down and right / up and left / down and left) as well as the 
distance in centimeters. This enables the user to either 
quickly slide or lift the object towards the target. ? Fine guidance instructions (Figure 1b, step 3). When the 
distance to the target is inferior to 15 cm, the system 
provides more frequent feedback to indicate the direction to 
follow (up / right / down / left). As long as the target has 
not been reached, the system repeats the procedure.  
Exploring the map 
When exploring the map, the user can listen to the name of 
a point or a line by performing a tap and hold gesture above 
it. To avoid unintentional selections, the user must select 
one point or line at a time for at least 700 ms (see Figure 1).   
IMPLEMENTATION 
Hardware 
Our tabletop was a 100 x 100 cm plate glass. The setup also 
included a projector to illuminate the surface and a webcam 
to detect tagged objects. Both were placed beneath the plate 
glass. A multitouch IR frame was placed two centimeters 
above the plate glass (Figure 3d) in order to detect the 
fingers. To achieve a high quality of tag detection, we 
restricted the area of work to 80 x 57 cm. The projector, 
webcam and IR frame were connected to a laptop.  
Software 
The Tangible Reels were tracked using the TopCodes 
library [7], which allowed using small circular tags that fit 
under the objects. The IR frame sent messages containing 
the finger input state (pressed, updated or ended) and 
position using the TUIO protocol [12]. We used the 
MultiTouch4Java library (MT4J, [15]) to receive TUIO 
messages, and to display the image of the map when needed 
(e.g. for debug) as well as the position of the physical 
objects and lines. Audio instructions were provided with a 
SAPI4 compliant Text-To-Speech engine distributed as part 
of the CloudGarden TalkingJava SDK 1.7.0.  
PRE-STUDY: TANGIBLE REELS USABILITY  
The aim of this pre-study was to investigate whether the 
two types of Tangible Reels were stable and easy to 
manipulate, but also to verify that built tangible maps were 
understandable by visually impaired users. It was done for 
testing the object design only and was performed without 
any interactive instruction or feedback. We used two types 
of maps that are frequently used by visually impaired users: 
metro maps and overview maps (Figure 2a). The Braille 
Authority of North Canada defined overview maps as maps 
that “may not have specific detail that would allow some 
readers to plan a walking route, but instead are designed to 
familiarize and orient the reader with the area 
encompassed”.  
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